Pearl millet seeds were treated with latex extracts (L1-50 µl, L2-100 µl and L3-200 µl) of Asclepias curassavica, Calotropis gigantea, Croton sp., Eucalyptus alba, Morus alba, Nerium odoratum, Lactuca sativa and Tridax procumbens were applied on pearl millet seeds for 3 and 6 h to evaluate their role in growth promotion and downy mildew resistance. Latex extracts of all tested plants improved vegetative parameters when compared with the control. L. sativa (L2) at 3 h showed 38 and 18% increase in seed germination and vigor, respectively, over the control. Plant height, shoot fresh and dry weight, number of tillers and leaf surface area also increased upon latex treatment. Green house studies indicated that L. sativa required four days after challenge inoculation to build up maximum resistance and offered 54% protection against downy mildew. Resistance induction was evident with increased activities of phenylalanine ammonia lyase (PAL) (four fold), peroxidase (POX) (three fold) and chitinase (three fold) in L. sativa (L2) treated seedlings challenged with the pathogen as compared to control seedlings.
INTRODUCTION
The knowledge on biochemical basis of resistance has become a major area of investigation to understand the possible defense mechanisms during pathogen infection. The disease resistance in plants is acquired by conventional fungicides and during recent years, ecofriendly approaches using biotic agents have been carried out in an attempt to build up durable resistance in host plants. Among the new biological approaches, induction of plant's own defense system is considered as one of the most promising alternative strategy for crop protection (Heil and Bostock, 2002; Walters et al., 2005; Anderson et al., 2006; Walters and Fountaine, 2009) . Numerous studies have shown the appearance of defense responses against several important plant diseases (Abo-Elyousr and El-Hendawy, 2008) .
Various studies have focused on developing eco-friendly, long lasting and effective biocontrol methods such as use of plant products (Latha et al., 2009; Modafar et al., 2012) and biocontrol agents for the management of plant diseases (Alizadeh et al., 2012; Chowdappa et al., 2013) . Microbial biocontrol agents (Naher et al., 2012; Senthilraja et al., 2013) and plant extracts (Amadioha, 2003; Bowers and Locke, 2004; Nisha et al., 2012; Pal et al., 2013; Sangeetha et al., 2013) have been found efficient against a wide range of pathogens. Numerous plant extracts have been explored as natural resistance inducers like Azadirachta indica against Alternaria leaf spot ( Guleria and Kumar, 2006) , Datura metel against Rhizoctonia solani, Xanthomonas oryzae and Alternaria solani (Kagale et al., 2004; Latha et al., 2009) . Latex is a stable dispersion of naturally occurring polymer of micro particles in an aqueous medium. It is also rich in enzymes like proteases, glucosidases, chitinases and lipases. It has been proved to be a source of natural fungicides (Barkai-Golan, 2001 ) which is regarded as safe and effective against various diseases of banana, papaya and other fruits. Latex extracted from several plants has shown a strong antifungal activity against Botrytis cinerea, Fusarium sp. and Trichoderma sp. (Barkai-Golan, 2001 ) and evidences concerned with likely participation of laticifer proteins (LP) in the plant defense mechanisms (Agrawal and Konno, 2009 ) are available. Though widespread studies have been done on isolation and characterization of different proteins in latex, restricted information exists on the use of latex as elicitor in inducing resistance against phytopathogens.
Based on the above reports we hypothesized that latex extract derived from latex plants might contain certain metabolites which can effectively manage pearl millet downy mildew disease in an eco-friendly manner. Pearl millet (Pennisetum glaucum [L.] R. Br) is one of the important crop (D'Andrea et al., 2001 ) cultivated in about 25 million ha (Naylor et al., 2004) in semi-arid tropical zone of the world. India alone accounts for 11.2 million ha with a total annual production of 7 million tonnes (Khairwal et al., 2007) . The crop is a staple cereal of 90 million people and also used as fodder (Singh and Shetty, 1990) . Downy mildew is caused by Sclerospora graminicola resulting in high economic losses which can be attributed to disease development at early stages, poor tillering and ear-head malformation (Singh and Shetty, 1990) . The disease was known in most of the pearl millet-growing regions, but remained sporadic until the high-yielding hybrids with susceptible parental lines were introduced (Singh, 1995) . A number of new resistant varieties and hybrids developed have turned into highly susceptible owing to breakup of host resistance and continuous change in pathogen's nature (Chaudhry et al., 2001) . This has drawn the attention of pearl millet growers (Ball, 1983) in search of new line of resistance factors against this devastating disease. Mythrashree et al. 493 The growing demand on isolation of bioactive molecules from different parts of the plant, paved way for the use of latex and its utility in inducing disease resistance in plants. However, limited information on the role of the latex in induction of resistance in plants is available. An attempt has been made in the present study to evaluate some latex-producing plants for their ability to induce systemic resistance in pearl millet against downy mildew disease. Further study is required to determine the nature of the factors controlling the induced resistance.
MATERIALS AND METHODS

Collection of seed samples
Seeds of pearl millet cultivar cv. 7042S highly susceptible to downy mildew pathogen were obtained from All India Co-ordinated Pearl Millet Improvement Project (AICPMIP), Agricultural Research Station, Mandore, Rajasthan, India and were used throughout the study.
Pathogen and inoculum preparation
The downy mildew pathogen S. graminicola maintained on its susceptible host 7042S under greenhouse conditions was used as a source of inoculum throughout the study. The leaves of pearl millet infected with downy mildew disease were collected in the evening hours. The collected leaf samples were washed under running tap water to remove the remnants of sporulation and dust particles, they were blot dried, cut into 1-2 cm pieces and placed on Petri dishes lined with moist blotters and incubated over night. Next day, fresh sporangia were harvested into sterile distilled water (SDW) and the concentration of sporangia was adjusted to 4 x 10 4 zoospores/ml in SDW using haemocytometer which served as inoculum for all the experiments (Safeeulla, 1976) .
Plant material and latex collection
Latex yielding plants viz., Asclepias curassavica, Calotropis gigantea (Asclepiadaceae), Croton sp. (Euphorbiaceae), Eucalyptus alba (Myrtaceae), Morus alba (Moraceae), Nerium odoratum (Apocynaceae), Lactuca sativa and Tridax procumbens (Asteraceae) were collected in and around Mysore District. The plant materials were washed under running tap water, blot dried and small downward v-shaped incisions were made at the base of the stem to collect the latex extracts (droplets). 50, 100 and 200 µl latex extracts (L1, L2 and L3) of each plant were immediately mixed with 10 ml of methanol containing 1% phosphoric acid (Sessa et al., 2000) . The latex extracts (L1, L2 and L3) of each plant were evaporated to dryness and suspended in 10 ml sterile distilled water (SDW) which served as inducer for seed treatment.
Seed treatment
Pearl millet seeds of 7042S cultivar were surface sterilized with 0.02% mercuric chloride for 5 min and thoroughly washed for 2-3 times in SDW. After surface sterilization, the seeds were soaked in inducers (L1, L2 and L3) prepared as mentioned above and then incubated at 28 ± 2°C in an incubator rotary shaker at 100 rpm (rotation per minute) for 3 and 6 h, respectively. After incubation, the seeds were air-dried aseptically. Seeds soaked in SDW served as control.
Effect of latex extracts on seed germination and seedling vigor
Germination test was carried out by paper towel method (ISTA, 2003) . The latex extracts treated (L1, L2 and L3) seeds were placed on moist germination sheets equidistantly and another presoaked paper towel was placed on the first one in order to hold the seeds in position, rolled and wrapped with polythene to prevent drying and incubated for seven days at 25 ± 2°C. After seven days of incubation, seed germination and seedling vigor were analyzed (Abdul Baki and Anderson, 1973) . The experiment consisted of four replicates of 100 seeds in all the treatments and repeated thrice. Based on percent germination results, the L2 treatments of all the latex extracts for 3 h time duration was continued for further studies. Evaluation of growth promotion under greenhouse conditions was carried out in pearl millet cv. 7042S seeds treated with L2 treatments for 3 h time duration. After treatment, the seeds were blot-dried and sown in earthen pots (9 x 12 cm) filled with sand, soil and manure in the ratio of 1:2:1. The experiment consisted of four replicates per treatment with 10 pots in each replicate (10 seeds/ pot) and repeated thrice. The pots were maintained at 25 ± 2°C with 95% RH (relative humidity) and watered regularly. Seeds treated with SDW served as control. 30 days after sowing, seedling height, fresh and dry weight of shoot, leaf surface area and number of basal tiller per plant were measured and recorded accordingly.
Effect of latex extracts on pearl millet-downy mildew disease under greenhouse conditions
The pearl millet seeds primed with latex extract and distilled water treatments for 3 h time duration were sown in earthen pots filled with autoclaved soil (1:2:1 ratio of sand, soil and manure). Leafwhorls of two-day old seedlings were inoculated with a suspension of 4 x 10 4 zoospores/ml of S. graminicola by whorl inoculation method (Singh and Gopinath, 1985) . Each treatment consisted of four replicates of 10 pots per replication with 10 seedlings per pot of 14 inch diameter. The pots were arranged in a randomized complete block design (RBD), maintained under greenhouse conditions (90 to 95% RH, 20 to 27°C). Plants were observed daily and were rated diseased when they showed any one of the typical symptoms of downy mildew, that is, sporulation, chlorosis, stunted growth or malformation of the earheads. At the end of 60 days, disease incidence was recorded as the percentage of plants showing symptoms of downy mildew disease. The experiment was repeated thrice with four replicates of 100 plants each. Downy mildew disease protection was calculated using the formula: C-T Downy mildew disease protection = x 100 C Where, C, is percent downy mildew disease incidence in control; Tpercent downy mildew disease incidence in treated plants.
Spatio-temporal time gap studies
Spatio-temporal time gap studies were carried out in order to understand the nature of disease protection offered by seed treatment and maintaining spatio-temporal separation between inducer treatments and the pathogen inoculation . The susceptible pearl millet seeds (7042S) treated with latex extract of L. sativa (L2) along with control seeds were sown in autoclaved potting medium as mentioned above and arranged in RBD. Two-day-old seedlings were challenge inoculated with zoospore suspension of S. graminicola (4 x 10 4 zoospore/ml) by whorl inoculation method with a time gap of 1, 2, 3, 4, 5 and 6 days of emergence in different set of plants. Plants were maintained under greenhouse conditions as mentioned above and were observed for typical symptoms of downy mildew, that is, sporulation, chlorosis, stunted growth or malformation of the earheads at every 15-day time intervals and were rated for disease when they showed any one of the typical downy mildew symptoms. At the end of 60 days, disease incidence was recorded as the percentage of plants showing symptoms of DM disease. The experiment was repeated thrice with four replicates of 100 plants each.
Biochemical studies
Sampling of seedlings
Effect of seed treatment on the activity of defense enzymes like phenylalanine ammonia-lyase, peroxidase and chitinase activity during host-pathogen interaction in pearl millet was carried out. Susceptible pearl millet seeds treated with L2 (L. sativa) treatments for 3 h time duration were placed on petri plates lined with moistened blotter discs. Two day old seedlings were harvested at different time intervals (0, 2, 4, 6, 8, 12, 18, 24, 48 and 72 h) after challenge inoculation with S. graminicola (4 x 10 4 zoospres/ml) and were stored at -30°C until used for further studies. SDW treated seedlings served as control.
Estimation of phenylalanine ammonia lyase (PAL) activity
Two-day-old pearl millet seedlings (1 g) of all the samples were homogenized in 1 ml of ice cold 25 mM Tris buffer, pH 8.8, containing 32 mM of 2-mercaptoethanol in a prechilled pestle and mortar. The extract was centrifuged at 10,000 rpm for 25 min at 4°C and the supernatant was used as enzyme source. Reaction mixture containing 0.5 ml of enzyme extract was incubated with 1 ml of 25 mM Tris-HCl buffer, pH 8.8 and 1.5 ml of 10 mM Lphenylalanine in the same buffer for 2 h at 40°C. The activity was stopped using 5 N HCl . PAL activity was determined as the rate of conversion of L-phenylalanine to transcinnamic acid at 290 nm. Enzyme activity was expressed as µmol of trans-cinnamic acid min/mg protein/h.
Estimation of peroxidase (POX) activity
Two-day-old pearl millet seedlings (1 g) of all the samples were macerated with 0.2 M sodium phosphate buffer (pH 6.5) in a prechilled pestle and mortar. The homogenate was centrifuged at 10,000 rpm for 15 min at 4°C to get the supernatant. Peroxidase (POX) activity was determined following the method of Hammerschmidth et al. (1982) . The reaction mixture of 3 ml consisted of 0.25% (v/v) guaiacol in 10 mM potassium phosphate buffer (pH 6.9) containing 10 mM hydrogen peroxide. 5 µl of crude extract was added to initiate the reaction, which was followed calorimetrically at 470 nm (Hitachi 2000) . PO activity was expressed as the increase in absorbance at 470 nm/mg protein/min.
Estimation of chitinase
One gram of seedlings of each sample were macerated using 0.05 M sodium acetate buffer, pH 5.2 (1 ml/g fresh weight) and acid washed glass beads at 4°C in prechilled mortar and pestle. The homogenate were centrifuged at 10,000 rpm for 30 min at 4°C (Himac Centrifuge, HITACHI) and the supernatant was used as crude extract. Chitinase was assayed following the method of Isaac and Gokhale (1982) with N-acetyl glucosamine (Sigma) as standard. Colloidal chitin in 0.05 M sodium acetate buffer (pH 5.2), purified from chitin (Sigma-Aldrich, USA) was used as a substrate as suggested by Skujins et al. (1965) . Monomers of N-acetyl glucosamine released after incubation were measured spectrophotometrically at 585 nm using dimethyl amino benzaldehyde reagent (Reissig et al., 1955) . The enzyme activity was expressed in terms of nmol/min/mg protein.
Protein estimation
Protein content in the crude extracts was estimated by dye binding method (Bradford, 1976) using bovine serum albumin (Sigma) as a standard.
Statistical analysis
Data from four replicates were analyzed for each experiment and subjected to arcsine transformation and analysis of variance (ANOVA) using SPSS Inc. 16.0. Significant effects of treatments were determined by magnitude of F values (P ≤ 0.05). Treatment means were separated by Tukey's HSD test.
RESULTS
Effect of inducers on seed germination and seedling vigor
The latex extract(s) as inducer treatment to the pearl millet susceptible seeds significantly enhanced the seed germination and vigor in general. However, the percent germination and vigor differed greatly with treatments and time duration of treatments.
The seeds treated for 3 h with L2 treatment showed higher seed germination and vigor followed by other treatments viz., L1 and L3 when compared with all the treatments at 6 h (Tables 1 and 2 ). Among the L2 treatment for 3 h, L. sativa showed highest seed germination (95%) and vigor (1482) followed by C. gigantea with 93% germination and 1418 vigor. The germination and vigor of pearl millet seeds in response to latex extracts of other plants were higher when compared with the control which showed 78% germination and 916 vigor.
Effect of latex extracts on growth parameters of pearl millet under greenhouse conditions
The latex extract (L2) treatment on seeds for 3 h were further tested for their efficiency on growth promotion by evaluating different growth parameters like plant height, shoot fresh weight, shoot dry weight, leaf surface area and number of basal tillers per plant.
The data on vegetative parameters revealed a significant increase upon inducer treatment. Among the different plants tested, L2 of L. sativa treated seeds recorded highest readings in all the growth parameters with 39.2 cm height, 14.5 g shoot fresh weight, 4.5 g shoot dry weight, 39.6 cm 2 leaf surface area and 4.5 number of basal tillers per plant followed by C. gigantea, Croton sp., T. procumbens, N. odoratum, E. alba, A. curassavica and M. alba. The distilled water treated seeds showed 26.4 cm height, 8.2 g shoot fresh weight, 2.8 g shoot dry weight, 30.6 cms 2 leaf surface area and 3.2 number of basal tillers per plant (Table 3) . 
Effect of latex extracts on pearl millet downy mildew disease under greenhouse conditions
The potential of latex extracts in managing the pearl millet downy mildew disease was assessed under green house conditions by treating the pearl millet susceptible seeds with L2 treatments for 3 h. Significant (P ≤ 0.05) disease protection was observed in seedlings raised from latex extract treatments (Table 4) . Among the latex extracts, L. sativa offered maximum (54%) disease protection against downy mildew disease followed by 43 and 42% by C. gigantea and Croton sp. respectively. The least disease protection of 8% was found with M. alba (Table 4 ). The control plants showed 100% disease incidence.
Spatio-temporal time-gap studies
Spatio-temporal time gap studies were carried out in order to study the systemic nature of resistance offered by susceptible pearl millet seeds upon treatment with latex extract of L. sativa followed by pathogen inoculation at different time intervals. Since L2 treatment of L. sativa showed higher disease protection under greenhouse conditions, it was further used for time gap studies. The spatio-temporal time gap studies showed varied degrees of downy mildew disease protection depending upon the time interval between the inducer treatment and challenge inoculation. The downy mildew disease protection on the first day was 28%, which subsequently increased to a maximum of 56% on the fourth day after inoculation and it sustained upto 6-day-time gap period (Figure 1) . The results showed that, disease resistance was noticed as early as 24 h and maximum disease resistance developed when a time gap of 4 days was given between latex treatment and pathogen inoculation and was maintained throughout the cropping period.
Enzyme assay
PAL
Two-day-old seedlings raised from latex extract (L2-L. sativa) treated susceptible seeds when subjected to estimation of PAL activity at regular time intervals after post inoculation with the pathogen showed a sequential increase in activity at time points tested when compared with that of control. The maximum activity of 378.29 was achieved as early as 4 hpi in latex extract treated seedlings which decreased thereafter maintaining higher activity than the control at all time points tested. The uninoculated latex extract-treated seedlings also showed same pattern of enzyme activity as that of latex extract treated inoculated seedlings with maximum activity of 253.46 at 4 hpi when compared with susceptible uninoculated (92.94) and inoculated control (79.21). The enzyme activity of uninoculated control varied at all time points which upon inoculation with the pathogen showed decreased activity (Figure 2 ).
POX
A significant difference in POX activity was observed between the treated and control seedlings and also between the different time intervals. POX enzyme activities increased in susceptible seedlings after latex extract Mythrashree et al. 497 (L2-L. sativa) treatment when compared with control plants. Latex extract treatment induced the POX activity in both inoculated and uninoculated susceptible seedlings as early as 2 hpi. The rate of increase was more pronounced in the treated seedlings after inoculation with the pathogen which reached maximum at 8 hpi with 61.06 units when compared with treated uninoculated (43.98). The induced activity of POX however either decreased thereafter or more or less remained constant at all other time points tested. Susceptible control showed lower activity when compared with latex extract treated which further decreased or remained constant on challenge inoculation (Figure 3 ).
Chitinase
The chitinase activity in all the samples tested showed sequential increase up to 24 h time interval. The chitinase activity estimated in latex extract (L2-L. sativa) treated pearl millet seedlings at different time intervals prior to inoculation revealed high activity at 24 hpi (5.21) and low at 0 hpi (2.33). An increase in chitinase activity over control was recorded in susceptible treated seedlings immediately after pathogen exposure. The percentage of increase in enzyme activity was maximum in induced resistant inoculated at 24 hpi (6.32). The activity in the untreated susceptible seedlings after inoculation showed decreased activity when compared with uninoculated control (Figure 4) . Though all the samples showed high activity at 24 hpi, the activity declined thereafter.
DISCUSSION
In the present study, latex extracts of seven different plants were tested for their ability to induce resistance against pearl millet-downy mildew disease. The effort revealed the efficacy of latex extracts at low concentration (L2-100 µl) in escalation of plant growth and inhibition of downy mildew severity in pearl millet when compared with L1, L3 and control. However, the seeds treated with latex extract of L. sativa (L2) for 3 h showed maximum seed germination and seedling vigor when compared with 6 h treatment and all other treatments. Our results are in agreement with that of Shivakumar et al. (2009) and Chandhrashekara et al. (2010) who have showed that seed germination and seedling vigor accelerated in pearl millet seeds treated with plant extracts of Datura and Viscum. Experiments on vegetative growth parameters like plant height, shoot fresh and dry weight, leaf area and tillering capacity by latex extracts showed better results as compared to the untreated control (Table 3) . Comparable raise in vegetative parameters in various crops and also in pearl millet using plant extracts (Shivakumar et al., 2009; Chandhrashekara et al., 2010) and various other indu- cers has been reported Pushpalatha et al., 2007; Sudisha et al., 2011) . Green house studies on temporal and spatial separation of the pathogen and inducer action showed that at least four days were vital to put up maximum resistance against S. graminicola. Leaf extracts of spinach and rhubarb induced systemic resistance in cucumber to anthracnose disease caused by Colletotrichum lagenarium (Doubrava et al., 1988) . Parallel studies on pearl millet under green house conditions have been proven to create resistance towards downy mildew pathogen after treatment with unsaturated fatty acids , plant extracts (Chandhrashekara et al., 2010; Shiavkumar et al., 2009) , raw cow milk and amino acids (Sudisha et al., 2011) . Our results are also consistent with those obtained by other investigators where natural plant products have suppressed plant pathogens leading to resistance towards diseases and consequently, increasing growth parameters and seed yield (Nakatani, 1994; Mohamed et al., 2006; Mohamed and El-Hadidy, 2008) . Baraka et al. (2006) reported that extracts of rosemary leaves and Citrullus colocynthis fruits, leucarna seeds and alfalfa roots reduced significantly lupine root infection by F. oxysporum, Fusarium solani, Rhizoctonia solani and Macrophomina phaseolina. Active principles present in plant products may either act on the pathogen directly (Baraka et al., 2006) or induce resistance in host plants resulting in reduction of disease development (Narwal et al., 2000; Paul and Sharma, 2002; Kagale et al., 2004) .
The changes in the activity of defense related enzymes like chitinase, PAL and POX in reaction to pathogen invasion have been illustrated in various plant-pathogen systems (van Loon and van Strien, 1999) . The time course analyses of chitinase, PAL and POX activities were made in two-day-old seedlings of non-inoculated and inoculated pearl millet seedlings after inclusion with latex extract of L. sativa (L2) for 3 h at different time intervals starting from 0 to 72 hpi.
PAL, a key enzyme of the phenylpropanoid biosynthesis pathway is involved in the biosynthesis of plant defense-related secondary metabolites including salicylic acid, phytoalexins and lignin-based polymers (La Camera et al., 2004) , leading to the production of physical and chemical barriers against pathogen infections. In the present study, PAL activity was induced in L. sativa (L2) treated seedlings as early as 2 hpi and receded after reaching a peak at 4 hpi. The enzyme activity remained higher at all time points tested when compared with the control and uninoculated seedlings. Similar outcome of increased PAL activity has been recorded against downy mildew pathogen in pearl millet treatment with oligosaccharide of Trichoderma spp. (Nandini et al., 2013) and other pathogens in rice on treatment with aqueous extract of Datura metel leaves (Kagale et al., 2004) , ethanol extracts of Cymbopogan citrus and Ocimum sanctum (Pal et al., 2013) , carrot with sea weed (Jayaraj et al., 2008) and tomato with zimmu leaves (Latha et al., 2009 ) and ulvans (oligosaccharide) of green algae (Ulvan lactuca) (Modafar et al., 2012) . Corresponding initial raise and subsequent decline in PAL activity are presented in other incompatible hostpathogen interactions (Borner and Grisebach, 1982; Ralton et al., 1988 ). An incompatibility thus generated subsequent to latex extract inclusion in susceptible pearl millet seeds suggests that in latex extract induced defense of pearl millet, PAL might be involved in triggering phenylpropanoid pathway resulting in discharge of toxic phytoalexins at the site of S. graminicola penetration .
Numerous studies have revealed the involvement of greater POX activity with induced resistance in plants against fungal, bacterial and viral pathogens (Hammerschmidt et al., 1982; Reuveni et al., 1990; Hassan and Buchenauer, 2007) . POX are recognized to contribute plant defense mechanisms, by catalyzing oxidative polymerization of simple phenols to lignin, synthesis of antimicrobial oxidized phenols, oxidative cross-linking of plant cell walls and also generation of active oxygen species (Lamb and Dixon, 1997; Mehdy, 1994) . In the present investigation, POX activity increased in latex extract treated seeds which further increased upon pathogen infection as compared to the control. The figures specify that the level of POX activity remained high at 8 hpi after which the enzyme activity gradually dropped in both infected and uninfected samples. Increase in POX activity is reported in chilli treated with cerebrosides of F. oxysporum (Naveen et al., 2013) , Brassica carinata treated with BABA (β-aminobutyric acid) (Cahavan et al., 2013) against Colletotrichum capsici and Alternaria brassicae. Similary, there are several other reports on increased POX activity in response to pathogen infection and elicitor treatment as studied by Jayaraj et al. (2008) Chitinases are present constitutively at a low level in some plants, which is induced by wounding, infection with pathogens (Majeau et al., 1990; Robey et al., 1990) or by abiotic elicitors (Boller et al., 1983) and during plant developmental processes like embryogenesis or fruit ripening. Expression of higher levels of hydrolases like chitinases has been proved to provide enhanced resistance to fungal pathogens (Kasprzewaka, 2003) . Chitinase induction after pathogen attack provides protection directly by degrading fungal cell wall components and indirectly by releasing some elicitors from the decaying fungal cell wall that excite other plant defense mechanisms like phytoalexin accumulation in the host (Edreva, 2004 ). An increased level of chitinase activity was evident on seed treatment with latex extract of L. sativa as compared to the control. The activity was induced immediately after challenge inoculation and reached highest at 24 hpi and decreased thereafter. Our results are comparable with those obtained in many other crops on treatment with Ocimum extracts (Colpas et al., 2009) , zimmu extracts (Latha et al., 2009; Sangeetha et al., 2013) and Agapanthus africans extracts (Cawood et al., 2010) , plant growth promoting fungi-Trichoderma harzianum (Naher et al., 2012) and plant growth promoting bacteria like P. fluorescens (Senthiraja et al., 2013) . Bioactive compounds of plants act as elicitors and induce resistance in host plants following reduced disease development (Vidhyashekaran et al., 1992) . Plants that are characterized by reduced chitinase activity are significantly more vulnerable to attack by unspecific fungi under natural conditions (Heil et al., 1999) and plants apparently tend to reduce the activity of these enzymes when they are not required due to the presence of other defense mechanisms (Heil et al., 1999 (Heil et al., , 2000 . We therefore assume that activities of these three enzyme classes give an ecologically relevant measure of a plant's overall resistance to pathogens.
Additional investigations are requisite to instigate the bioactive constituents of L. sativa involved in bringing about resistance in pearl millet against downy mildew. It is recommended that latex extract induced activity of PAL and PO enzymes in pearl millet, which might have resulted in increased biosynthesis and metabolism of phenols which might have protected pearl millet. In conclusion, the application of latex extracts L. sativa can possibly lead to certain defense responses in pearl millet, through elicitation of defense responses induced by its components and its concentration. Further studies are essential to determine the components and concentration for application/seed treatment. The potential of latex extract as elicitors of resistance in plants could be a surplus for other chemical control of diseases in future that cannot be discarded.
